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We empirically test the effects of anticipated and unanticipated monetary policy shocks on the growth rate of real industrial production and explicitly test for different types of asymmetries in monetary policy implementation for two major international economies, the U.S. and Brazil. We depart from the conventional method of VAR analysis to estimate unanticipated monetary shocks and instead we use a combination of other methods. We first identify the Taylor rule that best describes the reaction of both central banks and then we test both forward looking linear and nonlinear models concluding that a Logistic Smooth Transition Autoregressive (LSTAR) forward looking model of the Taylor rule best describes the US FED Funds rate while a linear Taylor rule with the inclusion of a dummy variable best describes the reaction of the Central Bank of Brazil (BCB). We then use in-sample forecast errors in order to derive or identify the unexpected monetary shocks for both countries. In line with Cover (1992) , we use these shocks to explore any asymmetries in the conduct of monetary policy on the growth rate of real industrial production. We also find asymmetries between anticipated and unanticipated monetary shocks as well as between effects of positive and negative shocks. Keywords: Taylor rule, monetary policy, nonlinear effects, LSTAR JEL code: E4, E52, E58
Introduction
Numerous studies have dealt with the issue of the impact of monetary policy on real economic activity and this impact has been well established theoretically.
Keynesian economics claim that an expansionary monetary policy i.e. a decrease in the short-term interest rate can affect long term rates, leading to increased investment and, ultimately, output. The channels for this outcome are the reduction of the cost of capital and liquidity increment. On the other hand, the seminal paper by Lucas (1972) (Ravn and Sola 2006) .
In this paper we focus our empirical analysis in searching for differences in the effects from anticipated and unanticipated monetary shocks, as well as for possible asymmetric effects from positive versus negative unanticipated monetary policy shocks.
Under the assumption of sticky nominal wages (traditional Keynesian asymmetry), negative monetary shocks have greater real impact than positive monetary shocks. According to Ravn et al (1999) , sticky nominal wages will render the aggregate supply curve convex. In the extreme case, the aggregate supply curve is vertical at the point where the nominal wage is in equilibrium. A positive monetary shock will increase aggregate demand along the vertical segment of the aggregate supply curve leaving real economy unchanged, at least in the short run. However, a negative monetary shock will depress the real economy as it moves the demand curve along the positively sloped segment of the supply curve.
The New Keynesian literature has attempted to provide more robust micro foundations to deal with this asymmetry and Ball and Mankiw (1994) ). In an environment in which firms can costlessly set prices every two periods, 4 but are subject to menu costs if they change prices between periods, negative monetary shocks affect real economy in the presence of inflation. The intuition behind this is that a decrease in aggregate demand caused by a contractionary monetary policy will not induce firms to change prices and take over the menu costs, as the relative price will decrease, partially offsetting in a degree the decrease of demand, due to inflationary pressures. On the other hand, positive monetary shocks will lead firms to adjust prices, and eventually take over the menu costs, because of the existence of inflation. This movement will not change the relative prices leading the positive monetary shock to neutrality. In models with menu costs (Blanchard and Kiyotaki (1987) ), it may be optimal for firms to take over the associated menu costs in the event of large monetary policy shocks. Barro (1977) decomposes the monetary shocks into foreseen and unforeseen and, in a framework with rational expectations, concludes that only unexpected money growth can have real impact.
Regarding the Taylor rule used for extracting the unanticipated shocks, Taylor (1993) shows that there is a linear relationship between FED's interest rate, current inflation rate and output gap. He concludes that this is the rule the FED is following in order to set its interest rate. Clarida et al. (2000) suggests using a forward looking Taylor rule. The FED takes into account the expected inflation rate and output gap in order to set current interest rate. A further extension of the Taylor rule is to test whether a nonlinear Taylor rule best describes the decisions of the FED (Castro (2011) ). The central bank may assign different weights to positive and negative inflation rate and to output gaps. Moreover, it probably will react differently if the inflation moves far away above its target than when it moves close to it.
In what follows, we try to find if there are asymmetries between unanticipated expansionary and unanticipated contractionary monetary policy in the U.S and Brazil with data spanning the period from 1980 to 2012. In doing so, we depart from conventional methods used so far in the literature. More specifically, we test whether the FED's and Central Bank of Brazil's (BCB) decisions are best described by a nonlinear Taylor rule. If this is true we then test whether it is better to use a Logistic
Smooth Transition Autoregressive (LSTAR) or an Exponentially Smooth Transition
Autoregressive (ESTAR) model, using the derived deviations from the in-sample forecasts to capture unanticipated positive and negative monetary shocks. We then run a regression with lags of these deviations as regressors and the industrial production index as the dependent variable. The results are rather interesting as they show statistically 5 significant impact of both shocks as well as a larger impact of positive monetary shocks with respect to negative monetary shocks for the U.S. In the case of Brazil we confirm the conventional wisdom that positive monetary shocks (monetary contraction) have greater impact than negative monetary shocks (monetary expansions). To the best of our knowledge this is the first time that a Taylor's rule is used in order to extract the monetary shocks using nonlinear models. Furthermore, by using a Taylor's rule in order to identify the unexpected monetary shocks we avoid many simplistic assumptions (Choleski's orthogonalization) that we would have to impose in order to identify monetary shocks using a VAR analysis.
The rest of the paper is organized as follows: section 2 presents a brief literature of the asymmetric impact of monetary policy and on the Taylor rule. In section 3 data used are presented, section 4 analyses the model, section 5 presents the empirical results and section 6 concludes.
Literature Review
The empirical literature emphasizes on all types of asymmetries using a variety of models such as simultaneous equations, VAR and LSTVAR models and Markov switching models. Some empirical evidence supports the theoretical arguments raised above according to Keynessian, New Keynessian and Classical theory. Cover (1992) , using quarterly data from the U.S. in a simultaneous equations framework, estimates a money supply process and an output equation. The results confirm the traditional Keynesian theory, that positive monetary shocks (an unexpected increase in interest rates) have greater impact on output than negative shocks (an unexpected decrease in interest rates). In the same vein, Delong and Summers (1988) , using annual U.S. data, find that unanticipated negative monetary shocks have a larger impact than unanticipated positive shocks. Accordingly, Ravn and Sola (1999) find that in the U.S economy only small negative shocks have real effects. Thus, they conclude, there is evidence in favor of the asymmetry implied by menu costs models in environments with positive steady state inflation. The same results are obtained by Rhee and Rich (1995) and Karras and Stokes (1999) for European countries, implementing the method regarding asymmetry first introduced by Cover (1992) . Parker and Rothman (2004) using the interest rate as the basic variable and using data for the U.S. find no evidence in favor of monetary shock asymmetry in the pre-WW I subsample. For the interwar period they get results similar to Cover's (1992) .
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The no asymmetry findings are in line, according to the authors, with Ball and Mankiw (1994) , because under a credible gold standard, agents do not expect persistent inflation. Belongia (1996) instead of the simple sum monetary aggregates uses a Divisia (Barnett (1980) In the case of the Brazilian economy there are many studies which try to empirically estimate the relevant Taylor's rule. Some of these are Minella et al. (2002) , Favero and Giavazzi (2002) , Modenesi (2011) and Modenesi et al. (2013) . Most of these studies find that the response of the BCB to inflation gap is more than one, reflecting a stabilizing monetary policy with respect to inflation targeting. On the other hand, there are no strong evidence of a reaction of the BCB with respect to the output gap. Nonetheless, all of the above studies, except of Modenesi et al. (2013) , use a small number of observations, ranging from 28 to 71, whereas Modenesi et al. (2013) use 132 observations as we do in this paper. Our results, as it will be clear further on contradict those findings as we find a statistically significant response of the BCB with respect to the output gap. However, in our model, the reaction of the BCB to inflation gaps is not statistically significant. In relation to those studies, we differ because we use a more updated dataset (up to the end of 2012), and we test for a number of different specifications of Taylor rule, including a nonlinear functional form. 
The Data
We use monthly frequency data over the period 1981 For robustness checks we also use the NBER's recession indicators for the U.S. The variables for Brazil are the Selic nominal interest rate (which is the Brazilian basic interest rate), the core inflation rate, the annual change of the industrial production index, the real interest rate which is computed from the Selic subtracted by the core inflation. Finally, we use the output gap computed as the percentage deviation of the log industrial production index from its Hodrick-Prescott trend. Brazilian data were retrieved from the Brazilian central bank 4 .
In order to avoid spurious regression, we employ three different unit root tests: a) an augmented Dickey-Fuller test, b) a KPSS test where the null hypothesis is stationarity and finally c) an Elliott-Rothenberg-Stock test. In Table 1 we present the results of these unit root tests for U.S data and we conclude that the inflation rate and the annual change of the industrial production index are stationary, while the effective federal reserve funds interest rate is non-stationary. The ADF test is not conclusive for stationarity of the interest rate. Thus we proceeded based on the other two tests. By definition the output gap is stationary. For the rest of the empirical section we use the first differences of the interest rate unless otherwise stated. In the case of the Brazilian data 5 , the core inflation, the real interest rate and the annual change of the industrial production index as well as the output gap are stationary, while the nominal interest rate 4 The data can be retrieved at http://www.bcb.gov.br/?serietemp.
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(Selic) is non-stationary, thus we use first differences. In Tables 2a and 2b , we present the descriptive statistics of the series.
Empirical Model

Taylor's Rule
As it was previously mentioned, we first test for nonlinearity of the Taylor rule.
For that, we start by estimating a linear version of the Taylor rule for both the U.S. and
Brazil. The resulting disturbance errors are used to test the null of linearity. Following
Castro (2011), we first estimate a forward-looking and a backward-looking linear
Taylor rule for both countries. For each country we select the model that has the best fit in terms of minimizing the Akaike information criterion. The forward-looking linear model that also has been estimated by Orphanides (2004) , Castro (2010) and Qin and Enders (2007) is of the form:
( 1) where , is the interest rate, is the future core inflation rate and is the future output gap. The error, , is assumed to reflect other factors that affect the interest rate in both countries during the month and is assumed to be identically and independently distributed following a white noise process, . Parameters measure the degree of partial adjustment of the interest rate. The parameters β and δ reflect the responsiveness of the monetary policy to the interest rate and output gap respectively.
The classical backwards Taylor rule model is of the form:
where , is the interest rate, is the core inflation rate in the past and is the output gap in the past. The error, , is assumed to reflect other factors that affect the interest rate in both countries during the month and is assumed to be identically and independently distributed following a white noise process, . The is the degree of partial adjustment of the interest rate,
. The coefficients β and δ reflect the responsiveness of policy to interest rate and output gap respectively.
Next, using Terasverta's (1998) 
where is the vector of explanatory variables, α' and β' are the parameter vectors, is the error term which is identically and independently distributed following a white noise process, and is a transition function that can take a logistic or an exponential form as follows: (4) and where γ is the smoothness parameter. Equation (4) is the logistic (LSTAR) and (5) 
where is the monetary policy shock extracted as described above and and are the series of the negative and positive monetary policy shocks respectively.
Empirical Results
The results from the estimation of the linear Taylor rule for the U.S. and Brazil are presented in Tables 3a and 3b respectively. In these Tables we present the four best estimated models for each country. For comparison we estimated a number of models for both countries, all of which contained alternative lags and leads. In the case of U.S, the best fit model is a forward looking Taylor's rule with 3 leads (model 1). All reported results for the U.S. indicate that during the examined period, the estimated response to the output gap, , is statistically significant in all four models having also the expected sign. In a positive output gap the FED reacts by increasing the interest rate trying to defuse inflationary pressure and stabilize the economy. The estimated response to 11 inflation , is only statistically significant in the three month forecasting window. Also, the estimated sign contradicts the expected one by the Taylor rule indicating that an increase of the inflation leads to a decrease of the federal funds rate. Both estimates are below unity meaning that the FED is not performing a stabilizing policy.
In the case of Brazil, the best fit model is a backward looking Taylor's rule with 2 lags. As it is seen in Table 3b , the estimated model with the lowest AIC and Schwartz criteria value is model 2 which includes the second lag of both the core inflation and of the output gap. The estimated response of inflation is not statistically significant whereas the response of output is statistically significant and well beyond unity. These results reflect the sensitivity of the Brazilian Central bank to a stabilization policy in the case where industrial production is below its trend. In models 3 and 4 of 
where is the disturbance term from the linear Equation (1) above. As the minimized value of the AIC is used to select the best fit model for the U.S. economy the residuals from Model 1 in Table 3a below are used and for the Brazilian economy the residuals from Model 2 in Table 3b below in order to test the null hypothesis of linearity. In the linear part of the model, which applies to periods when the inflation is close to the FED's implicit target, the reaction of the FED with respect to these variables is moderate and in many cases statistically insignificant. In order to get a better understanding about the estimation of the theta parameter, in Figure 1 , it is presented the estimated theta parameter against the dummy variable of the U.S. business cycle provided by the NBER. A value of 1 represents a contractionary period, while a value of 0 is an expansionary period. As it can be easily seen the nonlinear Model 1 8 The number of models corresponds to all different combinations of leads of inflation and output gap during a year in monthly basis (12*12) as well as the number of lags of the dependent variable (1 and 2).
(from Table 5a ) can accommodate the responses of the FED in all contractionary periods except for the recession in the start of 2000 (bubble crisis).
The final step is to estimate the impact of the unexpected monetary policy shocks and to test for the presence of possible asymmetries stemming from the sign of the shock (that is positive versus negative shocks). Furthermore, we also test for any differences in impacts between unexpected monetary shocks and real interest rates on the real economy for both countries.
In doing so, we follow Cover (1992) and we run a simple OLS regression for both countries with the annual change of industrial production index as the dependent variable and as explanatory variables we use the lags of the unanticipated shocks and also lagged values of the interest rate as well as the annual change of inflation. As it was explained previously, we interpret the residuals from the selected Taylor rule for each country (Tables 5a and 3b for the U.S. and Brazil respectively) of the nonlinear Taylor rule as the unanticipated monetary policy shocks and we decompose these shocks in positive and negative ones according to Equation (6). Next, we try to estimate any possible contemporaneous and lagged effects from the unanticipated positive and negative monetary policy shocks on the industrial production index. The results are presented in Tables 6a and 6b for the U.S. and Brazil respectively.
In the first two Models of Table 6a , we test the impact of unexpected positive and negative monetary policy shocks taking into account only contemporaneous effects (Model 1) and both contemporaneous and lagged effects (Model 2). In Model 2, where the lagged effects are included, both positive in sign and negative in sign monetary shocks are highly statistically significant, both are above unity and have the expected negative sign. The interpretation of the signs of the coefficients is that, for example, if expected interest rate is lower than the actual interest rate (negative monetary policy shock) then we expect a negative effect on the industrial production index and vice versa. We do not detect any asymmetries stemming from the sign of the shocks since when we test these coefficients for equality all the relevant Wald test statistics are insignificant. On the other hand, in Model 1, in which no lagged effects were taken into account, both positive and negative monetary shocks are statistically insignificant.
Finally, it is evident from all models and especially from the last two Models, 3 and 4 that only unanticipated monetary policy shocks have statistically significant effects on the industrial production index. This result confirms what would be expected by NeoClassical theory.
As it is clear from Model 1 of Table 6b only Table 6b , the coefficient of the lagged unanticipated shocks is larger than the coefficient of the real interest rate.
Conclusions
In this paper we tried to identify any asymmetric impact of unanticipated monetary policy shocks on the real economy, as the latter is being described by the industrial production index. In doing so, we tested for the true Taylor's rule model for each economy under question and we used a nonlinear forward looking Taylor's rule in order to forecast the movements of the FED for U.S and a backward looking linear Taylor's rule for Brazil. Any deviation from these forecasts is assumed to be an unanticipated monetary policy shock. To the best of our knowledge this is the first time that a non linear Taylor's rule is used in order to identify the monetary shocks. Next, using a well-documented methodology (Cover 1992) we find a significant impact of these shocks on the real economy. In the case of U.S, only unanticipated monetary shocks appear to have statistically significant impact on the real economy confirming the expected results of the rational expectations theory. On the other hand, in the case of Brazil, we detected a significant impact of a positive monetary shock. Furthermore, the anticipated monetary policy has a much less significant impact than the impact of an unanticipated shock which is in line with the theory of rational expectations that only unanticipated monetary shocks can affect the real economy. Note: *, ** and ***, denote a rejection of the null hypothesis at the 0.10, 0.05 and 0.01 levels respectively, t-statistics are in brackets. Robust standard errors with Newey-West/Barlett window were computed. y and π denotes the outputgap and the core inflation respectively. Dummy denotes the dummy variable taking the value of one from 2008:10 to 2010:03 and zero elsewhere. We run many tests and we present here those with the best values of the AIC and Schwartz criteria 0.000*** Note: as the inflation target seems to be of greater importance than the outputgap for the U.S economy, we use as a delay parameter the inflation. We run several tests using different lags each time for the inflation and in all tests the null hypothesis of linearity was rejected. We present above in table 4b the results of the test using one lag of the inflation as a delay parameter Notes: Model 1 corresponds to 4 lags for the variables I and π, model 2 corresponds to 5 and 2 lags respectively and model 3 corresponds to 11 and 4 lags respectively. Significance level at which the null hypothesis is rejected: ***, 1%; **, 5%; *, 10%. γ is made dimension free by dividing it by the standard deviation of the inflation variable. The estimated equation is of the form:
. π τ is the target inflation. Notes: Robust standard errors with Newey-West/ Barlett window were computed and the respective t-statistics are presented in brackets; significance level at which the null hypothesis is rejected: ***, 1%; **, 5%; *, 10%. RESP are the monetary shocks with positive sign, thus negative monetary shocks, RESN are the monetary shocks with the negative sign, thus the positive monetary shocks, RES are unexpected monetary shocks.
